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D acrlptlon 

1. Fi Id of the invention 

The present inv ntion relates to a method and an 
apparatus for use in a borehole, and more particular- 
ly, for carrying out nuclear measurements in a tubing 
of an oil producing borehole. 

2. Description of the related art 

As known in the art of logging techniques, a well 
which has been determined to be promising for oil 
production, is provided with a metallic casing, and ce- 
ment is injected between the earth formation and the 
casing. Perforations are then made through the cas- 
ing/cement and in the oil productive formation, so as 
to allow oD to flow up to the surface through a tubing 
beforehand arranged in the well coaxially to the cas- 
ing. 

It is common that oil comes up to the surface 
mixed with water from the formations or with water in- 
jected in the formation. As a matter of fact, water is 
sometimes used for enhancing the oil production in 
so-called "water-drive" reservoirs, wherein water is 
injected in the formations producing oil through wells 
located in the vicinity of the oil well, in order to in- 
crease the pressure in the productive formations. 
Water from the formations, or water injected in water- 
drive reservoirs, usually contains different dissolved 
salts which regularly become deposited on the inside 
wall of the production tubing as well as of the surface 
production equipment These deposits, called 
"scales" in the oilfield production business, include 
sulfates such as barium, strontium or calcium, or car- 
bonates such as calcium or iron. The scales form a 
layer the thickness of which increases with time, up 
to the point where the scales may eventually clog the 
production pipes and equipment 

Thus, there is a growing interest in the oilfiled 
production business for detecting and quantifying 
these scales. 

Furthermore, these scales generally include ra- 
dioactive components such as radium-226 from the 
uranium decay series or radium-228 from the thorium 
decay series. The protection of people who have to 
work in the vicinity of such contaminated equipment 
raises a first concern. A second concern comes from 
the fact that tubings are pulled out of old wells which 
are no longer productive, and are submitted to specif- 
ic treatments so as to be re-usable. Due to the pres- 
ence of radioactive scales, the removal from the well, 
th transportation and the treatment of the contam- 
inated tubings is accordingly substantially complicat- 
ed. Sp cificpr cautions have to be tak n during each 
of these steps. More particularly, th contaminated 
tubings can only be treated in a limited number of au- 
thors d locations. A further issu is the determina- 



te of wheth r a tubing is contaminated or not, and, 
intheaffirmativ , to what extent These issues ar of 
great concern as mentioned in the two following pa- 
pers: "Radioactive-Seal Formation" from A.L. Smith, 

5 published in Journal f Petroleum Techn logy, June 
1987, pages 697-706, and in "Natural Radioactive 
Scale: The Development of Safe Systems of Work" 
from I.M. Waldram, published in the Journal of Petro- 
leum Technology, August 1988, pages 1057-1060. 

10 These papers provide detailed information about the 
formation of radioactive scales, as well as information 
on the methods and means, available so far, to detect 
and measure such scales. Up to the present time, ac- 
cording to applicant's knowledge, there is no avail- 

15 able straightforward and accurate method allowing 
such determination. The known methods and appa- 
ratus generally consist in an adaptation of existing 
gamma radiation meters used in other application 
areas, such as laboratories and hospitals. 

20 These known apparatus are generally not sensi- 
tive enough to detect the relatively low-level radiation 
emitted by scales. Attempts have been made to over- 
come this difficulty by increasing the size of the de- 
tecting apparatus. However, this leads to bulky devic- 

25 es. 

Furthermore, the known apparatus are relatively 
fragile and may be easily damaged in the severe en- 
vironment of an oil production site, especially off- 
shore. 

30 Moreover, the known apparatus require special 
skills from the operator for the operating step as well 
as for the interpretation of the results. 

Finally, since the radioactivity is measured from 
the outside of the tubing, these measurements can 

35 only be carried out once the tubing has been pulled 
out of the well. Nevertheless, there are instances 
where the tubing is so contaminated that it cannot 
from an economical standpoint or for other reason, be 
decontaminated and then has to be either put back 

40 down in the well or transported to some specific lo- 
cations for burial. Since these operations are very ex- 
pensive, it would often be cheaper and easier to leave 
the tubing in the well, as long as there is no bar from 
the environmental regulations in force at the well lo- 

45 cation. Accordingly, it would be more appropriate to 
carry out the radioactive measurements inside the 
tubing while it is still in the well, instead of outside the 
tubing once it is pulled out of the well. However, the 
concerned people are interested in knowing the ra- 

50 dioacttvity level present outside the tubing to deter- 
mine whether the tubing is a hazard if removed from 
the well. The known methods and apparatus do not 
provide any answ r to the problem of detecting and 
quantifying the radioactivity level of a tubing disposed 

55 in a well and providing data on the radioactivity lev I 
outside th tubing. 

According to the above, there is a need for a 
method and a tool for detecting and determining th 
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radiation I v I of scales d p sited on the inner wall of 
tubing. 

SUMMARY OF THE INVENTION 5 

It is an object of the invention to provide a method 
and apparatus for detecting and quantifying the radio- 
activity level outside a tubing caused by radioactive 
material (scales) deposited on the inner wall of the 10 
tubing, while the tubing is in the well, and more par- 
ticularly for determining whether the tubing might 
constitute a hazard. 

The foregoing and other objects are attained in 
accordance with the invention by a method for detect- 15 
ing and quantifying the radioactivity level outside a 
tubing caused by radioactive material deposited on 
the inner wall of the tubing disposed in a borehole, in- 
cluding the step of: 

1) detecting radiation emitted by the radioactive 20 
material by lowering in the tubing a logging tool 
provided with gamma ray detector means; and 

2) calculating, from the radiation level detected in 
the tubing, the radioactivity level which would be 
detected outside and in the vicinity of the tubing. 25 
The method also comprises the step of convert- 
ing the measured radioactivity level from logging API 

unit to microrem/h or counts per unit of time. 

The method includes correcting the measured 
radioactivity level for the attenuation due to the tub- 30 
ing, by applying to the measured radioactivity level a 
first tubing attenuation factor. A set of tubing thick- 
ness attenuation factors is determined for different 
tubing thicknesses, from which is derived a general 
relationship between the tubing attenuation factor 35 
and the tubing thickness. 

The method advantageously includes the step of 
correcting the measured radioactivity level for the 
natural background radioactivity of the earth forma- 
tions surrounding the borehole, by subtracting, from 40 
the measured radioactivity level, a reference radioac- 
tivity level, for each depth. 

For example, the reference radioactivity level is 
obtained from one of the following sources: 

- natural radioactivity level measured in the tub- 45 
ing prior to water/oil production, i.e. prior to any 
scale deposit; or 

- natural radioactivity level measured in a casing 
disposed in the borehole prior to any water/oil 
production, i.e. prior to any scale deposit; or so 

- natural radioactivity level measured in the 
open borehole; or 

- assumed or estimated radioactivity level. 

In a preferred mbodiment, the ref rence radio- 
activity level is corrected for tubing attenuation thick- 55 
ness by applying a second tubing attenuation factor. 

Advantageously, the method comprises the step 
of recording the radioactivity level versus depth in the 
borehole. 



Mor particularly, a first threshold radioactivity 
level is chos n as a hazard level of radioactivity. 

In a preferred embodiment, only the radioactivity 
I vel between the first threshold and a second 
threshold are corrected for natural background radio- 
activity. 

The invention also contemplates an apparatus for 
detecting and quantifying the radioactivity level out- 
side a tubing caused by radioactive material deposit- 
ed on the inner wall of the tubing disposed in a bore- 
hole, comprising: 

1 - a logging tool, adapted to be lowered in the tub- 
ing, and comprising means for detecting and 
counting gamma rays emitted by the radioactive 
material at different depths in the borehole; 

2- means for determining, from the measured 
gamma rays, a measured radioactivity level; and 

3- means for calculating, from the measured ra- 
dioactivity level, the radioactive level which 
would be detected outside and in the vicinity of 
the tubing. 

The apparatus preferably further comprises 
means for converting the radioactivity level from log- 
ging API units to microrem/h or counts per unit of time. 

Advantageously, the apparatus comprises 
means for correcting the measured radioactivity level 
for the tubing thickness, including means for deter- 
mining a first tubing attenuation factor for a given tub- 
ing thickness. 

The apparatus advantageously includes means 
for correcting the measured gamma rays for the natu- 
ral background radioactivity of the earth formations 
surrounding the borehole, including means for sub- 
tracting, from the measured radioactivity level, a ref- 
erence radioactivity level. 

For example, the reference radioactivity level is 
obtained from one of the following sources: 

- natural radioactivity level measured in the tub- 
ing prior to water/oil production, i.e. prior to any 
scale deposit; 

- natural radioactivity level measured in a casing 
disposed in the borehole prior to any water/oil 
production, i.e. prior to any scale deposit; or 

- natural radioactivity level measured in the 
open borehole; or 

- assumed or estimated natural radioactivity lev- 
el. 

The apparatus further includes means for apply- 
ing to the reference radioactivity level a second tubing 
attenuation factor. 

Advantageously, the apparatus further compris- 
es means for recording the radioactivity level of the 
scales versus depth in th borehole. 

In a preferred embodiment, the means for cor- 
recting for natural background radioactivity are used 
only for th radioactivity levels which are between a 
first threshold lev I and a s cond threshold I vel. 

The characteristics and advantages of th inv n- 
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tion will appear better from th description to f II w, 
given by way of a non limiting example, with reference 
to th appended drawing in which: 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side view of an embodiment 
of the invention in the form of a logging tool sus- 
pended in a well; 10 
FIG. 2 is a sketch showing the logging tool ac- 
cording to the invention in a tubing on the inside 
wall of which scales are deposited; 
FIG. 3 is a plot of t he first tubing t hickness attenu- 
ation factor as a function of the tubing thickness; 15 
FIG. 4 is a plot of the second tubing thickness at- 
tenuation factor applied to the reference back- 
ground activity level; and 
FIG. 5 and FIG. 6 are examples of logs showing 
the variations of radioactivity level as a function 20 
of depth in a borehole. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

25 

Referring now to FIG. 1, according to the inven- 
tion, a logging sonde 15 is shown suspended by a 
cable 12 within a borehole 14 surrounded by earth 
formations 13. The borehole 14 has a conventional 
casing 1 8 disposed on the interior surface of the bore- 30 
hole. The annular space between the casing 18 and 
the inside wall of the borehole 14 is filled with cement 
19. A tubing 21, coaxial to the casing 18, is disposed 
in the borehole 14. A packer 30 is disposed at the low- 
er end of the tubing 21 to isolate the annular space 35 
between the casing 19 and the tubing 21. Perfora- 
tions 23, as known in the art, are made in the ce- 
ment/casing, in a zone of the borehole disposed be- 
low the bottom of the tubing 21 . Hydrocarbons fluids, 
shown by arrows 22, flow from productive earth for- 40 
mations through the perforations 23 into the borehole 
14 and through the tubing 21 towards the surface. It 
is frequent that water coming from one or more earth 
formations layers) mixes with oil in the borehole and 
the tubing 21. A derrick 25 and surface equipment, 45 
symbolized by the block 26, are provided at the sur- 
face. The sonde 15 comprises an elongated housing 
1 6 in which is disposed a gamma ray detector 27 that 
includes a scintillator crystal 20 and a photomultiplier 
1 7. The gamma ray detector 27 is known in the art and so 
may include a scintillator 20 made of sodium iodide 
(Nal Tl) or bismuth germanate (BGO). The output of 
the gamma ray detector 27, after amplification by am- 
plifier 24, is applied to an electronic circuitry 26 de- 
signed torn asur the number of th gamma rays in- 55 
cid nt upon th detector 27. The signals issu d from 
the circuitry 26 are transmitted to the surface through 
the cabl 12 via a transmitter 28 disposed in the 
sonde 16. Signals are received at the surface by a re- 



ceiver (known p r se) and then otherwise processed 
and recorded in the surface equipment 26. Suitable 
techniques for p rforming these transmission and 
process functions are well known, and, therefore, 
these devices need not be furth r d scribed. 

The logging sonde 15 may be e.g. of the type 
known in the art, such as the NGS tool, mark of 
Schlumberger Technology Corp, and described in US 
patents 3,976,878 or 4,096,385. Alternately, the 
sonde might be of the type described in US patent 
3,786,267. More details concerning the general ar- 
rangement of the sonde 1 5 can be found in these pa- 
tents, all three assigned to Schlumberger Technology 
Corporation, and which are all incorporated herein by 
reference. 

As shown schematically on FIG. 2, and according 
to the invention, the logging sonde 15 is lowered in 
the borehole 14 through the tubing 21 in order to de- 
tect and measure the radioactivity level of radioactive 
scales 28 which might be deposited on the wall of the 
tubing 21. The measured radioactivity level is trans- 
formed from nuclear logging units, API, to units used 
in the nuclear radiation field, such as microrem per 
hour or counts per unit of time. Furthermore, the 
method of the invention allows one to compute the ra- 
dioactivity level which would be measured outside 
and in the vicinity of the tubing 21. This permits one 
to determine whether the tubing could be considered 
as a hazard. 

To this end, the radioactivity level measured by 
the logging sonde 15 inside the tubing 21 is corrected 
to take into account the attenuation due to the tubing. 
This attenuation phenomenon depends on the thick- 
ness of the tubing and on the density of the tubing 
material. The correction for the tubing thickness is 
carried out by multiplying the radioactivity level 
measured inside the tubing by a correction factor, 
called hereafter a first tubing thickness attenuation 
factor. The first tubing thickness attenuation factor is 
determined for different tubing thicknesses, for a giv- 
en tubing material. This determination is carried out 
in a laboratory, preferably by using a gamma ray de- 
tector similar to the one used in the logging sonde 15. 
The next step is to determine, from the different val- 
ues of the first tubing attenuation factor, a general re- 
lationship between the first tubing attenuation factor 
and the tubing thickness. It has to be noted thatthese 
measurements are carried out once and for all, for a 
given detector. 

FIG. 3 shows a plot of a first tubing attenuation 
factor versus tubing thickness; the different values on 
the plot have been determined experimentally. 

Here b low is giv n the mathematical relation- 
ship between the tubing thickness V and the first at- 
tenuation factor "CF": 

CF, = 1.0 - Kit 
wher "K," is a constant for a given type of d tecton 
"K/s 0.86 in th exampi shown in Fig. 3. 
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Th radioactivity I v i m asured insid th tub- 
ing for each depth in the borehole is corrected by us- 
ing the first tubing thickness attenuation factor, ac- 
cording to the tubing thickness, so as to obtain a cor- 5 
rected radioactivity level as measured from outside 
the tubing. Corrected radioactivity levels are trans- 
formed in microrem per hour and thus recorded as a 
function of depth. The different steps hereabove re- 
ferred to, can be expressed in a mathematical form 10 
as: 

Corrected G (microrem/h) = K4 * G(API) * CF|, 
where "K4" is a constant for the conversion from API 
units to microrem/h, "Corrected G" is the radioactivity 
level as corrected, "G(API)" is the radioactivity level 15 
as measured in API units, and "CF" is the first tubing 
attenuation factor. "K/ is e.g. equal to 0.0937. FIG. 5 
and FIG. 6 are respective examples of logs showing 
the variations of the radioactivity level versus depth. 
These plots constitute a vivid representation of t he ra- 20 
dioactivity level, and tell the user, by a quick look, the 
locations in the tubing where scales are deposited, if 
any. 

The method according to the invention, by provid- 
ing accurate and corrected radioactivity levels, fur- 25 
ther allows one to determine whether the tubing may 
constitute a hazard. In that respect, a tubing is a haz- 
ard if the radioactivity level of the scales is above a 
first threshold, such as e.g. 50 microrem per hour, 
corresponding to a threshold radioactivity level above 30 
which the tubing might constitute a danger to people, 
and thus has to be decontaminated or buried in spe- 
cific locations. To summarize, any zone of the tubing 
showing a radioactivity level below the first threshold 
is not considered as a danger for health. 35 

As a refinement, the method according to the in- 
vention takes into account the natural radioactivity of 
the earth formation surrounding the borehole. The 
logging sonde actually detects gamma rays irrespec- 
tive of their origin, and the nuclear measurements in- 40 
elude natural radioactivity. Accordingly, a reference 
natural radioactivity level has to be determined and 
thus subtracted from the measured radioactivity lev- 
el. The reference natural radioactivity level may be 
derived from one of the following sources: 45 

- natural radioactivity level measured in the tub- 
ing prior to water/oil production, i.e. prior to any 
scale deposit; or 

- natural radioactivity level measured in the cas- 
ing disposed in the borehole prior to any wa- 50 
ter/oil production, i.e. prior to any scale deposit; 

or 

- natural radioactivity level measured in the 
open borehol ; or 

- assumed or estimated natural radioactivity lev- 55 
el. 

Any reference natural radioactivity I vel derived 
from estimation or measurements made in the bore- 
hole before th tubing is in place, has to be corrected 



f r the tubing thickness. As a matter of fact, when car- 
rying out scales radioactivity measur m nts, the 
natural gamma rays are detected through the tubing. 
This correction is made by applying to the reference 
natural radioactivity level "B" a second tubing thick- 
ness attenuation factor which is determined experi- 
mentally, in a manner similar to the determination of 
the first attenuation factor, already referred to in con- 
nection to Fig. 3. Fig. 4 shows a plot of a second at- 
tenuation factor versus tubing thickness; the different 
values of the second attenuation factor are deter- 
mined experimentally for a set of tubing thicknesses, 
and thus a general relationship, shown as a curved 
line on Fig. 4, is inferred from these values. The rela- 
tionship can be expressed in a mathematical form as: 

CF 0 = 1 - K 2 t - K 3 t2, 
where "CFo" is the second attenuation factor, T is the 
tubing thickness, "K 2 " and n K 3 " are constants repre- 
sentative of the relationship for a given type of detec- 
tor. As a whole, the successive corrections brought to 
the measured radioactivity level G(API) can be ex- 
pressed as: 

Corrected G(microrem/h) = K* * [G(API) - B * 
CFJ • CF, 

As an alternative, in a preferred embodiment, the 
natural radioactivity level "B" is not systematically 
subtracted from the measured radioactivity level 
"G(API) n . Instead, one defines a second threshold 
greater than the first threshold already referred to 
(e.g. 55 microrem per hour). In other words, the sec- 
ond threshold is chosen so that the difference be- 
tween the first and second thresholds is at least equal 
to or slightly greater than the natural radioactivity lev- 
el. The difference is e.g. of 5 microrem/h in the exam- 
ple herein described. 

Accordingly, any radioactivity level, as corrected 
for the tubing thickness, which is above the second 
threshold (shown as a black area on the logs of FIG. 
5 and 6) may constitute a health danger, and thus the 
corresponding tubing might constitute a hazard. As a 
matter of fact, the correction for natural radioactivity 
would lead to a radioactivity level still above the first 
threshold which defines the hazard limit. Thus, the 
natural radioactivity correction is not necessary. 

Any radioactivity level corrected for tubing thick- 
ness, which is below the first threshold is indicative 
of a safe tubing. The correction for natural radioactiv- 
ity would lead to a radioactivity level even lower, and 
is thus not necessary. 

For any radioactivity level corrected for tubing 
thickness, which is between the first and the second 
threshold (shown as a shaded area on the logs), the 
user cann t det rmine whether the tubing is a haz- 
ard. Thus, a natural radioactivity correction has to b 
carried ut to r mov the uncertainty. 

The m thod and apparatus according to th in- 
vention have been hereabove described in connec- 
tion with scales deposited inside the tubing which is 
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the most common cas . H wev r, there may be some 
instances where scales become deposited on t h out- 
sid of the tubing, at least on part of it Assuming 
there is no, or negligibl quantities of, scales inside 5 
the tubing, the method and apparatus according to 
the invention allows one to detect scales on the out- 
side of the tubing and to quantify the radioactivity lev- 
el thereof, in the following manner. 

The logging sonde 15 is lowered in the tubing 21 10 
and the measurements are carried out in the manner 
herein above described. The gross gamma ray counts 
G(API) are converted in the microrem/h and correct- 
ed for both natural radioactivity and tubing thickness, 
according to the following formula: 15 
Corrected G(microrem/h) = 0.0937 [G(API) - B 
• CF 0 ]/CF 0 
The correction step implies in this occurrence the 
use of the second attenuation factor only. 



Claims 

1 . A method for detecting and quantifying the radio- 
activity level outside a tubing (21) caused by ra- 25 
dioactrve material deposited on the inner wall of 

the tubing (21) disposed in a borehole (14), in- 
cluding the step of: 

a) detecting radiation emitted by the radioac- 
tive material by lowering through said tubing 30 
(21) a logging tool (15) provided with gamma 

ray detector means (27); and 

b) calculating from the radiation detected in 
said tubing (21), the radioactivity level which 
would be detected outside and in the vicinity 35 
of said tubing. 

2. The method according to claim 1 wherein said 
calculating step includes correcting the detected 
radioactivity level for the attenuation due to the 40 
tubing (21), by determining a first tubing attenu- 
ation factor and applying said factor to the detect- 
ed radioactivity level. 

3. The method according to claim 2 wherein said 45 
first tubing thickness attenuation factor "CF" is 
equal to: 

CF, = 1 - K, t 
where V is the tubing thickness, and "K," is a 
constant determined by experience. so 

4. The method according to claim 1 further compris- 
ing the step of correcting the measured radiation 
rays for th natural background radioactivity of 

the earth formati ns surrounding the bor hole 55 
(14), by deducting, from the measured radioactiv- 
ity level, a reference radioactivity level. 

5. Th method according to claim 4 wh r in said 



ref r nc radioactivity I vel is corrected for tub- 
ing thickn ss by applying a second tubing thick- 
ness attenuation factor. 

6. The m th d according to claim 5 wh rein said 
second tubing attenuation factor "CFq" is equal to: 

CF 0 = 1 - K 2 1 - K 3 1*, 
where T is the tubing thickness and n K 2 " and N K 3 " 
are constants determined by experience. 

7. The method according to claim 1 further compris- 
ing the step of determining a first threshold radio- 
activity level representative of a hazard level. 

8. Apparatus for detecting and quantifying the ra- 
dioactivity level outside a tubing (21) caused by 
radioactive material deposited on the inner wall of 
the tubing (21) disposed in a borehole (14), com- 
prising: 

a) a logging sonde (1 5), adapted to be lowered 
in the tubing (21), and comprising means (27) 
for detecting and counting gamma rays emit- 
ted by the radioactive material at different 
depths in the borehole (14); 

b) means (26) for determining, from the meas- 
ured gamma rays, a measured radioactivity 
level; and 

c) means (26) for calculating, from the meas- 
ured radioactivity level, the radioactive level 
which would be detected outside and in the vi- 
cinity of the tubing. 

9. The apparatus according to claim 8 further com- 
prising means for correcting the measured radio- 
activity level for the attenuation due to the tubing, 
by determining a first tubing thickness attenua- 
tion factor. 

10. The apparatus according to claim 9, wherein said 
first tubing thickness attenuation factor CF t is 
equal to: 

CF, = 1 - K y t 
where T is the tubing thickness and "Kj" is a con- 
stant determined by experience. 

11. The apparatus according to claim 8 further com- 
prising means for correcting the measured gam- 
ma rays for the natural background radioactivity 
of the earth formations surrounding the borehole 
(14), including means for subtracting, from the 
calculated radioactivity level, a reference radio- 
activity level. 

12. The apparatus according to claim 11 further com- 
prising m ans for correcting said refer nee radio- 
activity level for the tubing thickn ss by applying 
a second tubing thickness attenuation factor. 
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13. The apparatus according to claim 12 wherein said 
second tubing attenuation factor "CF 0 " is equai to: 

CF 0 = 1 - K 2 t - K 3 t2, 
where T is the tubing thickness and TVand'Ks" s 
are constants determined by xperience. 



PatentansprQche 



3. Das Verfahren nach Anspruch 2, bei dem der er- 
ste Rohrdickendampfungsfaktor "CFj* ist 

CF, = 1 - K 1 1 
worin V die Rohrdicke ist und "Kj" eine Konstan- 
te, die experimented bestimmt wird. 
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1. Ein Verfahren fur das Erkennen und Quantifizie- 
ren des Radioaktivitatspegels auBerhalb eines 
Rohres (21), hervorgerufen durch radioaktrves 
Material, das auf der Innenwandung des Rohres 
(21), welches sich in einem Bohrloch (14) befin- 15 
det, abgelagert ist, umfassend die Schritte: 

a) Erkennen der von dem radioaktiven Mate- 
rial emittierten Strahlung durch Absenken 
durch das Rohr (21) einer Logsonde (15), die 

mit Gammastrahlungsdetektormitteln (27) 20 
ausgestattet ist; und 

b) Berechnen, ausderin dem Rohr (21) erfaO- 
ten Strahlung, des Radioaktivitdtspegels, der 
au&erhalb und in der Nahe des Rohres erfattt 
wurde. 25 

2. Das Verfahren nach Anspruch 1 , bei dem der Be- 
rechnungsschritt das Korrigieren des erfa&ten 
Radioaktivitatspegels bezuglich der Dampfung 
infoige des Rohres (21 ) umfa&t durch Bestimmen 30 
eines ersten RohrdSmpfungsfaktors und Anwen- 

den des Faktors auf den erfa&ten Radioaktivitats- 
pegel. 
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4. Das Verfahren nach Anspruch 1, ferner umfas- 
send den Schritt der Korrektur der gemessenen 
Strahlung bezuglich naturlicher Hintergrundra- 
dioaktivitat der Erdformationen, die das Bohrloch 

(14) umgeben, durch Subtrahieren eines Refe- 45 
renzradioaktivitatspegels von dem gemessenen 
Radioaktivitatspegel. 

5. Das Verfahren nach Anspruch 4, bei dem der Re- 
ferenzradioaktivitatspegel korrigiert wird bezug- so 
lich der Rohrdicke durch Anwenden eines zwei- 

ten Rohrdickendimpfungsfaktora. 

6. Das Verfahren nach Anspruch 5, bei dem der 
zweite Rohrdampfungsfaktor "CF 0 " ist 55 

CF 0 = 1 - K 2 t - Kat 2 , 
worin T die Rohrdicke ist und "K 2 " und "Ka" ex- 
perimentell bestimmte Konstanten sind. 



7. Das Verfahren nach Anspruch 1, ferner umfas- 
send den Schritt d r B stimmung eines ersten 
Radioaktivitatsschwellenpeg Is, d r reprSsenta- 
tiv ist fur inen gefahrlichen Pegel. 

8. Vorrichtung fur die Erkennung und Quantrfizie- 
rung des Radioaktivitatspegels au&erhalb eines 
Rohres (21), hervorgerufen durch radioaktives 
Material, das auf der Innenwandung des Rohres 
(21), weiches sich in einem Bohrloch (14) befin- 
det, abgelagert ist, umfassend: 

a) eine Logsonde (1 5), die in das Rohr (21) ab- 
la&bar ist und Mittel (27) umfa&t fur das Er- 
kennen und Zahlen von Gammastrahlen, die 
von dem radioaktiven Material an unter- 
schiedlichen Tiefen in dem Bohrloch (14) 
emittiert werden; 

b) Mittel (26) fur das Bestimmen eines gemes- 
senen Radioaktivitatspegels aus den gemes- 
senen Gammastrahlen; und 

c) Mittel (26) fur das Berechnen des Radioak- 
tivitatspegels, der au&erhalb und in der Nahe 
des Rohres erfaftt wurde aus dem gemesse- 
nen Radioaktivitatspegel. 

9. Die Vorrichtung nach Anspruch 8, ferner umfas- 
send Mittel fur das Korrigieren des gemessenen 
Radioaktivitdtspegels bezuglich der Dampfung 
infoige des Rohres durch Bestimmen eines er- 
sten Rohrdickenddmpfungsfaktors. 

10. Die Vorrichtung nach Anspruch 9, bei der der er- 
ste Rohrdickendampfungsfaktor CF, ist 

CF| = 1 - Ki t 
worin "f die Rohrdicke ist und %" eine experi- 
mentell bestimmte Konstante. 

11. Die Vorrichtung nach Anspruch 8, ferner umfas- 
send Mittel fur das Korrigieren der gemessenen 
Gammastrahlen bezuglich naturlicher Hinter- 
grundradioaktivitat der das Bohrloch (14) umge- 
benden Erdformationen, umfassend Mittel fur 
das Subtrahieren eines Referenzradioaktrvitats- 
pegels von dem berechneten Radioaktivitatspe- 
gel. 

12. Die Vorrichtung nach Anspruch 1 1 , ferner umfas- 
send Mittel fur das Korrigieren des Referenzra- 
dioaktrvitatspegels bezuglich der Rohrdicke 
durch Anwenden eines zweiten Rohrdicken- 
dimpfungsfaktors. 

13. Di Vorrichtung nach Anspruch 12, bei der der 
zweite Rohrdampfungsfaktor "CF 0 " ist 

CF 0 = 1 - K 2 1 - K 3 12 
worin V die Rohrdicke ist und "K 2 " und "K3" x- 
perimentell bestimmte Konstanten sind. 
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(21 ) par un matdriau radioactif d6pos6 sur la parol 
intern du tubage (21) dispose dans un puits de 
f rag (14), comprenant : 
5 a) une sonde de diagraphie (15) , adapts 

pour dtr abaissee dans le tubage (21) et 
comprenant un moyen (27) pour d6tecter et 
compter les rayons gamma 6mis par le mat6- 
riau radioactif k drfferentes profondeurs du 
10 puits de forage (14) ; 

b) un moyen (26) pour determiner , k partir 
des rayons gamma mesur6s, un niveau de ra- 
dioactivity mesur6 ; et 

c) un moyen (26) pour calculer , k partir du ni- 
ts veau de radioactivity mesur6, le niveau ra- 
dioactif qui serait d6tect6 k I'ext6rieur et au 
voisinage du tubage. 



Revendlcatlons 

1. Proc6d6 pour detecter t quantifier le niv au de 
radioactivity provoque k I' xt6ri ur d'un tubage 
(21) par un materiau radioactif de posy sur la paroi 
intyrieure du tubage (21) dispos6 dans un puits 
de forage (14), incluant les y tapes consistant k : 

a) dytecter la radiation 6mise par le materiau 
radioactif en abaissant dans ledit tubage (21) 
un appareil de diagraphie (15) yquipy d'un 
moyen d6tecteur de rayons gamma (27) ; et 

b) calculer k partir du rayonnement dytecty 
dans ledit tubage (21) le niveau de radioacti- 
vity qui serait dytecty & I'extyrieur et au voisi- 
nage dudit tubage. 

2. Procydy selon la revendication 1 dans lequel la- 
dite ytape de calcul inclut la correction du niveau 
de radioactivity dytecty pour Tatty nuation due au 20 
tubage (21). en determinant un premier facteur 
d'attynuation du tubage eten a p pi iqu ant I edit fac- 
teur au niveau de radio activity dytecty. 

3. Procydy selon la revendication 2 dans lequel ledit 25 
premier facteur d'attynuation du k rypaisseurdu 
tubage "CF" est 6gal k : 

CF, = 1 - K t t 
ou T est rypaisseur du tubage, et %■ est une 
constante dytermin6e par ('experience. 30 

4. Procydy selon la revendication 1 comprenant de 
plusune ytape de correction des rayons du rayon- 
nement mesury pour la radioactivity ambiante na- 
turelle des formations geologiques entourant le 35 
puits de forage (14). en deduisant du niveau de 
radioactivity mesury, un niveau de radioactivity 
de reference. 

5. Procydy selon la revendication 4 dans lequel ledit 
niveau de radioactivity de reference est corrigy 
pour rypaisseur de tubage en appliquant un se- 
cond facteur d'attynuation du k rypaisseur du tu- 
bage. 

6. Procydy selon la revendication 5 dans lequel ledit 
second facteur d'attynuation de tubage "CF 0 " est 
ygal £ : 

CF 0 = 1 - K 2 t - Kat*. 
ou T est rypaisseur du tubage et "K 2 " et "K 3 " sont 50 
des constantes determinees par ('experience. 

7. Procede selon la revendication 1 comprenant, de 
plus, une ytape consistant k dy term in r un pre- 
mier niveau seuil de radioactivity repr6sentatif 55 
d'un niveau de danger. 

8. Dispositif pour dytecter et quantifi rle niveau de 
radioactivity provoqu6 k I' xt6rieur d'un tubage 



9. Dispositif selon la revendication 8 comprenant , 
de plus, un moyen pour corriger le niveau de ra- 
dioactivity mesury pourl'attenuation due au tuba- 
ge en determinant un premier facteur d'attynua- 
tion dO k I'epaisseur du tubage. 

10. Dispositif selon la revendication 9, dans lequel le- 
dit premier facteur d'attenuation du k I'epaisseur 
du tubage CF, est 6gal k : 

CF, = 1 - K, t 
ou T est I'epaisseur du tubage et est une 
constante d6termin6e par ('experience . 

11. Dispositif selon la revendication 8 comprenant, 
de plus, un moyen pour corriger les rayons gam- 
ma mesures pour la radioactivity ambiante natu- 
re) le des formations g6ologiques entourant le 
puits de forage (14) comprenant un moyen pour 
soustraire, du niveau de radioactivity calcuie, un 
niveau de radioactivity de reference. 



13. Dispositif selon la revendication 12 dans lequel 
ledit second facteur d'attenuation du tubage 
"CFo" est egal k : 

CF 0 = 1 - K 2 t - K3P, 
ou Y est I'epaisseur du tubage et "K 2 " et "K 3 sont 
des constantes determinees par ('experience. 



40 1Z Dispositif selon la revendication 11 comprenant 
de plus un moyen pour corriger ledit niveau de ra- 
dioactivity de reference pour I'epaisseur du tuba- 
ge en appliquant un second facteur d'attynuation 
dO k rypaisseurdu tubage. 
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FIG. 3 
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FIG. 5 A 



FIG.5B 



DEPTH 



5 



m 



i 



RADIOACTIVITY 
LEVEL 



DEPTH 




RADIOACTIVITY 
LEVEL 



11 



EP 0 442 813 B1 



FIG. 6 A 
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